Abstract. [Purpose] To determine the preoperative self-reported and performance-based physical function of patients with end-stage knee osteoarthritis who awaited total knee arthroplasty. The preoperative physical performance factors that predicted self-reported physical function and quality of life were also identified. [Subjects and Methods] All adults with end-stage knee osteoarthritis awaiting surgery were enrolled. Before surgery, self-reported disease-specific physical function and self-reported pain were measured using the Western Ontario McMaster Universities Osteoarthritis Index, self-reported quality of life was measured using the EuroQOL five dimensions questionnaire, and physical performance tests were performed, the 6 minute walk test, the timed up-and-go test, instrumental gait analysis, and measurement of isometric knee flexor and extensor strength of the surgical and nonsurgical knees. [Results] In total, 55 adults (49 females; 73.3 ± 6.1 years) were included. This study showed that several preoperative self-reported and physical performance factors were predictive of self-reported physical function and quality of life. [Conclusion] In patients with end-stage knee osteoarthritis, preoperative pain and dynamic balance ability were the most powerful predictors of self-reported physical function. Preoperative pain and exercise tolerance were the most powerful predictors of quality of life. Preoperative rehabilitation strategies that focus on dynamic balance, aerobic, and resistance exercises may improve surgical outcomes.
INTRODUCTION
End-stage knee osteoarthritis (OA) is one of the most common debilitating diseases and is a leading cause of pain, stiffness, edema, disability, and functional limitation in older adults [1] [2] [3] . Several studies have reported that when patients with end-stage knee OA are asked to complete a self-reported questionnaire before surgery, they tend to have markedly lower scores than people without knee OA. In particular, the patients have poor scores for selected functional items [4] [5] [6] . They are also more likely to have impaired standing balance 7) , progressive loss of function that causes increasing dependency while walking 1) , and decreased knee extensor strength 8) . Total knee arthroplasty (TKA) is the treatment of choice for end-stage knee OA as it is the most effective surgical procedure for this condition 4, 9) .
However, nearly all of these studies were performed with Western patients, which suggest that their observations may not be generalizable to patients with knee OA in other ethnicities or regions. This may be particularly true for South Korea because most South Korean patients with knee OA tend to undergo TKA at a more advanced stage than patients in Western countries. This may reflect the fact that the South Korean population is relatively sedentary and thus less affected by the pain and disability that accompanies knee OA. Therefore, it is important to determine the baseline preoperative physical function of patients with end-stage knee OA in South Korea. At present, such studies are rare. As indicated above, physical function can be measured by asking the patient to complete a self-reported questionnaire. Indeed, in patients who are scheduled to undergo TKA, orthopedic surgeons mainly utilize questionnaires such as the Western Ontario McMaster Universities Osteoarthritis Index (WOMAC) to evaluate preoperative functional capability and to predict postoperative functional improvement 10, 11) : several recent studies have shown that preoperative self-report questionnaire scores consistently predict postoperative questionnaire scores [4] [5] [6] . Another way to measure physical function is to perform physical function tests such as the 6 minute walk test (6MWT). However, studies that have used both questionnaires and physical function tests have found that the self-perceived physical function of individuals often differs substantially from their actual functional capability 12, 13) . In particular, several studies have shown that the functional test scores of patients with knee OA correlate only modestly with their self-reported questionnaire scores 14, 15) . Notably, recent studies have shown that functional test scores before and after TKA correlate strongly. Thus, to best predict TKA outcomes, it may be necessary to apply both self-reported questionnaires of functional status and physical function tests.
Some studies have shown that in preoperative knee OA, several physical function test variables are predictive of selfreported functional status [16] [17] [18] . This information is important because it can indicate which preoperative rehabilitative interventions would best improve the outcomes of TKA for knee OA. However, at present, the preoperative physical function test variables that best predict self-reported functional ability in South Koreans with knee OA are unknown. To address these questions, this prospective cross-sectional study was performed. Its aim was to delineate the preoperative self-reported and performance-based physical function of South Korean patients with end-stage knee OA who were awaiting a TKA. Moreover, to determine the preoperative rehabilitation strategies that could improve the functional capacity of these patients, the study identified the preoperative physical performance factors that predicted self-reported physical function and quality of life.
SUBJECTS AND METHODS
All consecutive older adults with end-stage primary OA of the knee who were waiting for a first TKA in a tertiary referral hospital were enrolled prospectively between October 2013 and July 2014. All enrolled patients were required to be ambulatory with or without a walking aid and to have a radiological score of III-IV, as determined using the Kellgren-Lawrence method.
Each subject received information about the study and gave written informed consent form to participate. And our local Ethics Committee approved the study protocol.
All 55 patients completed the following assessments before surgery. Self-reported disease-specific physical function and self-reported pain were measured using the WOMAC. Self-reported quality of life was measured using the EuroQOL five dimensions (EQ-5D) questionnaire. Physical performance tests included the 6MWT, the timed up-and-go (TUG) test, instrumental gait analysis for spatiotemporal variables, and measurement of the isometric knee extensor and flexor strength of the surgical and nonsurgical knees.
Western Ontario McMaster Universities Osteoarthritis Index (WOMAC): WOMAC is a multidimensional questionnaire that asks questions about pain, stiffness, and physical function. It was used previously to measure self-reported disability in patients with knee OA 20. There are 5 pain variables, 2 stiffness variables, and 17 physical function variables. Each of the 24 WOMAC variables is scored using the Likert scale (0, none; 1, slight; 2, moderate; 3, very; and 4, extremely), as recommended by the Outcome Measures in Rheumatology Clinical Trials (OMERACT). Thus, the Likert scale is employed to determine the degree of pain, stiffness, and difficulty experienced in performing each of 17 activities in the preceding 48 hours. Higher scores indicate greater levels of pain, stiffness, and difficulty 19) . The scores of pain, stiffness, and physical function variables are added to yield the WOMAC-Pain (range 0-20), WOMAC-Stiffness (range 0-8), and WOMAC-Function (range 0-68) subscores.
EuroQOL five dimensions (EQ-5D) questionnaire: Self-reported quality of life was measured using the EQ-5D questionnaire. The EQ-5D Index is widely used to measure general health status. The instrument comprises a questionnaire with five dimensions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Each dimension is represented by one question with three severity levels (no problems, some or moderate problems, and extreme problems) 21. Scores were transformed using utility weights derived from the general Korean population 21 and ranged from −1 to 1. Higher scores indicated better overall health status. The formula producing the EQ-5D Index has been presented by Kim et al 20) .
Timed up-and-go (TUG) test: The TUG measures dynamic balance while the individual performs physical tasks that are common in everyday life. The TUG tool has been shown to have acceptable concurrent validity in terms of predicting dynamic balance 21) . The TUG test is performed by first asking the patient to wait by sitting with their back against a chair (seat height, 44 cm; depth, 45 cm; width, 49 cm; and arm rest height, 64 cm) that has been placed at the end of a marked 3 m walkway 22) . The patient is then told that when the instructor says "go," the patient should stand up, walk at a comfortable speed past the 3 m mark, turn around, walk back, and sit down in the chair. The time is measured in seconds. Six minute walk test (6MWT): The 6MWT is a commonly used standardized measure of exercise tolerance and functional walking capacity in people with compromised mobility. All patients were instructed to walk along a 50 m track without disturbances. They could use their customary assisting devices during the test but were requested to walk without support when possible.
Gait analysis: Spatiotemporal variables of gait were assessed using a validated 24 wireless inertial sensing device (GSensor1, BTS Bioengineering S.p.A., Italy). The device was attached to the patient's waist using a semi-elastic belt. The belt covers the L4-L5 intervertebral space so that the acceleration values for the three anatomical axes (anteroposterior, mediolateral, and vertical) can be measured. Patients were asked to walk along an 8 m pathway at a self-selected speed as naturally as possible. The collected data were transmitted via Bluetooth to a personal computer and processed using dedicated software (BTS G-Walk ® ). The gait variables that were measured were gait speed, cadence, stride length, gait cycle duration, stance phase duration, swing phase duration, double support duration, and single support duration 23) .
The maximal isometric strength of the bilateral knee extensors and flexors was measured using the isokinetic dynamometer CSMI ® (Humac Norm, Stoughton, MA, USA). Patients were seated on a specially designed chair with hip angles of approximately 85°2 4) . The distal shin pad of the dynamometer was attached 2-3 cm proximal to the lateral malleolus using a strap. To minimize inappropriate trunk movements during thigh muscle contractions, straps were applied across the chest, pelvis, and mid-thigh. The alignment between the dynamometer rotational axis and the knee joint rotation axis (lateral femoral epicondyle) was adjusted at the beginning of each trial. Gravity effect torque was recorded on each subject. This was used to correct torque measurements during all tests. Patients were asked to grasp sidebars during the testing procedure. The length of the moment arm measured from the lateral femoral epicondyle to the center of the force transducer at the shin was kept constant. Data were obtained from digitized signals. After a structured warm-up, with the knee joint fixed at an angle of 60° of flexion for maximal isometric force generation 25) , patients were asked to perform maximal voluntary contractions until the torque did not increase further by more than 5% during the three successive attempts. Knee flexion and extension were performed as discrete movements in a single direction (i.e. non-reciprocal). Each contraction lasted 4 to 5 seconds. The contractions were separated by 2 minutes of rest. During each attempt, the physical therapist loudly encouraged the patients to achieve their maximal performance. After a 5 minute rest, the same procedure was performed with another lower limb. The variables that were analyzed were peak torque (PT) extensor of the surgical and nonsurgical knees, PT flexor of the surgical and nonsurgical knees, the ratio of hamstrings and quadriceps (H/Q ratio) of the surgical and nonsurgical knees, and the difference between the surgical and nonsurgical knees in terms of extensor and flexor strength (the latter variables were expressed as percentages of the nonsurgical knee performance).
All statistical analyses were performed using SPSS for Windows version 20.0 (SPSS V 20.0 K, SPSS Inc., Chicago, IL, USA). All variables were subjected to descriptive statistics. Pearson's correlation analysis was used to assess the relationships between self-reported physical function or quality of life and physical performance test values. Multivariate linear regression analysis using a backward selection linear regression model was employed to determine which physical performance variables best predicted self-reported physical function and quality of life. P<0.05 were considered to indicate statistical significance.
RESULTS
In total, 55 consecutive adults with end-stage knee OA who were waiting to undergo TKA met the eligibility criteria and were enrolled in this study. The preoperative demographic and disease-related characteristics of the patients are presented in Table 1 . There were 49 females and six men, and the average age was 73.3 ± 6.12 (range, 56-86) years. The average body mass index was 25.5 ± 3.15 kg/m 2 . Of the 55 patients, 43 (78.2%) had Kellgren-Lawrence grade IV and 19 (34.5%) had osteoporosis.
The average preoperative physical function, quality of life, and physical test performances of the patients are presented in Table 2 . The average WOMAC-Pain, WOMAC-Stiffness, WOMAC-Function, and WOMAC-Total scores were 10.5 ± 3.1, 3.0 ± 1.7, 29.3 ± 10.7, and 43.1 ± 13.4, respectively. The average EQ-5D score was 0.5 ± 0.3. The average 6MWD and TUG values were 296.2 ± 96.7 m and 13.3 ± 7.3 seconds, respectively. Gait analysis showed that the average gait speed, cadence, stride length, and gait cycle duration were 0.8 ± 0.2 m/sec, 95.9 ± 22.0 steps/minute, 93.1 ± 16.5 cm, and 1.2 ± 0.2 seconds, respectively. In terms of isometric knee muscle strength, the average PT extensor values of the surgical and nonsurgical knees were 42.1 ± 19.7 and 54.6 ± 21.8 Nm, respectively, while the average PT flexor values of the surgical and nonsurgical knees were 32.5 ± 10.7 and 37.5 ± 12.6 Nm, respectively.
The WOMAC-Function score correlated positively with the WOMAC-Pain score (r=0.62, p<0.001) and TUG (r=0.46, p<0.001), and negatively with 6MWT (r=−0.46, p<0.001) and the PT extensor and flexor values of the nonsurgical knee (r=−0.27, p=0.04 and r=−0.32, p=0.02, respectively) ( Table 3) . After adjustment for demographics and anthropometric variables, linear regression analysis showed that the WOMAC-Pain score (β=0.55, p<0.001) and TUG (β=0.34, p=0.002) were significant independent predictors of the preoperative WOMAC-Function score (R2=0.49) ( Table 4) .
The EQ-5D score correlated positively with 6MWT (r=0.46, p<0.001) and negatively with the WOMAC-Pain score (r=−0.60, p<0.001) and TUG (r=−0.38, p=0.004) ( Table 3) . After adjustment for demographics and anthropometric variables, the linear regression analysis showed that the WOMAC-Pain score (β=−0.51, p<0.001) and 6MWT (β=0.30, p=0.008) were significant independent predictors of the EQ-5D score (R 2 =0.45) ( Table 4) .
DISCUSSION
This study of patients with end-stage knee OA who were awaiting a TKA showed that several preoperative self-reported and physical performance factors were predictive of self-reported physical function and quality of life.
The first key observation of our study was that our patients had a worse self-reported physical function and physical performance than similar patients living in Western countries. Specifically, our patients tended to have higher WOMAC-Pain and WOMAC-Function scores than Western patients, which indicates that our patients reported having more knee pain and disability 26) . Moreover, our patients took twice as long to perform the TUG test and only managed to walk 70% of the 6MWT distance that was walked by Western patients on average 18) . Our patients also tended to have more knee weakness than Western patients 27) . These differences may be the result of the difference between our cohort and the Western cohorts in terms of age: our patients were older than the Western patients. In turn, this may reflect the tendency of South Korean patients with knee OA to delay undergoing TKA as long as possible. It may also reflect the different lifestyles of South Koreans and Westerners. In particular, South Koreans tend to be more sedentary, which may mean that they are less troubled by their knee pain and disability during everyday life than Westerners. These differences between South Koreans and Westerners illustrate the importance of determining the preoperative self-reported quality of life and disease-specific physical function and pain of patients with end-stage knee OA in non-Western countries.
This information is also important because it allows the identification of the physical test factors that correlate with self-reported physical function and quality of life in specific populations. This in turn will help to identify the pre-and postoperative rehabilitation programs that would best improve the functional capacity of patients with OA who are scheduled to undergo TKA. The second key observation of our study was that self-reported pain, dynamic balance, and exercise tolerance correlated significantly with self-reported physical function and/or quality of life in our patients. Similarly, some studies have shown that the perceived self-reported pain 17, functional outcomes 18, and walking ability 19 of patients who are scheduled to undergo TK are significant predictors of their self-reported physical function. It should be noted that our study was significantly more exhaustive than these three studies, which only examined the correlations listed above: our study assessed how both self-reported physical function and quality of life correlated with multiple physical test variables.
As expected, of all the variables that we measured, preoperative pain associated most strongly with both self-reported physical function and quality of life. This reflects the fact that knee OA is characterized by a progressive decline in strength and flexibility that associates with increased knee joint pain 28) . The pain, along with the reduction in functional ability, ultimately promotes the decision to undergo TKA because this procedure is known to significantly improve both the pain and function of patients with end-stage arthritis of the knee 16, 29) .
The second variable that correlated most strongly with both perceived physical function and quality of life in our study was dynamic balance, as measured by the TUG test. This is particularly significant because the TUG test involves complex functional movements that are performed every day, namely, standing up from a seated position in a chair, walking, and turning while walking. This may explain why the linear regression analysis showed that the TUG test, but not the 6MWT, was the second most significant independent predictor of self-reported physical function: unlike the 6MWT, the TUG tests a combination of walking ability, lower limb strength, and balance, and therefore its value more closely reflects the impairment of the daily living activities in end-stage knee OA that is being measured by the WOMAC-Function questionnaire. Thus, a decline in dynamic balance strongly causes patients with end-stage knee OA to feel that their daily living functions and quality of life have worsened. The 6MWT measures the maximal distance a subject can walk in 6 minutes and thus is a simple clinically relevant measure of exercise tolerance. Several studies have found modest relationships between measured ambulation and selfreported function in many different patient groups, including patients who are due to undergo TKA [30] [31] [32] [33] [34] . Moreover, it is a moderately valid indicator of submaximal 35) and maximal aerobic capacity in patients with knee OA 36) . The study showed that preoperative exercise tolerance and walking capacity, as measured by the 6MWT, associated significantly with both the self-reported physical function and quality of life of our patients. This is important because it suggests that aerobic exercise that enhances exercise tolerance may improve the pre-and postoperative functional status and quality of life of patients who are scheduled to undergo TKA.
Interestingly, the extensor and flexor strength of the nonsurgical knee also correlated significantly with self-reported physical function. This probably reflects the fact that the development and progression of joint degeneration associate strongly with loss of muscle strength 37, 38) , and that loss of muscle strength is the strongest single predictor of functional limitations in patients with knee OA 39) . Since patients with knee OA are likely to rely on the more intact (nonsurgical) knee during daily life, weakness of this knee may heighten the perception of these patients that their physical function has become compromised. This notion is supported by a study that showed that the strength of the nonsurgical knee plays an important role in the ability of patients to complete performance-based functional assessments 40) . One of our main study objectives was to identify potential preoperative rehabilitation interventions that minimize the residual postoperative disability after TKA. Our study shows that preoperative rehabilitation interventions that aim to improve dynamic balance, exercise tolerance, and knee extensor and flexor strength could reduce residual disability after TKA.
This study has several limitations. First, it may not be possible to generalize our results to all patients with end-stage knee OA who are scheduled to undergo TKA. For instance, there are only the data of the patients with knee OA who were due to undergo their first TKA in this study. It remains unclear whether the relationships between perceived physical function and quality of life and physical test variables will also be observed in knee OA patients who are scheduled to receive revision TKA or in patients who are to undergo a first TKA for a non-OA diagnosis. Second, only the preoperative data were analyzed. This meant that the study could not show how TKA changed perceived physical function and quality of life, and how these changes correlated with physical test variables over time. However, the study is continuing as the cohort study and thus will be able to address these questions in due course. Finally, the sample size in this study was relatively small. Thus, future analyses may examine if it is possible to insert a larger proportion of variance in predicting physical function using these variables.
In conclusion, this study showed that South Korean patients with end-stage knee OA who were awaiting a TKA had a profoundly reduced preoperative physical function. Moreover, the perceived physical function of these patients was found to be strongly predicted by the degree of preoperative pain and dynamic balance. In addition, preoperative pain and exercise tolerance were the most powerful predictors of quality of life in these patients. Since functional capacity after TKA strongly associates with preoperative functional capacity, our observations suggest that preoperative rehabilitation strategies that focus on dynamic balance, aerobic, and resistance exercises may be particularly important for these patients, and that preoperative pain, dynamic balance, and exercise tolerance (all of which are readily measured variables) should be routinely assessed when determining the preoperative rehabilitation needs of the TKA candidate.
